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Introduction
Macroeconomists have long been interested in economy-wide indices of labor quality (or human capital). The usual context is growth accounting; that is, the decomposition of output growth into the contributions of labor, capital and multi-factor productivity. Measures of labor input typically are derived from hours of workers with different education, age, gender characteristics, with wage rates serving as weights to account for differences in marginal products. The index of labor quality then is the ratio between the indices of labor input and hours worked. This standard approach is described in Jorgenson, Gollop, and Fraumeni (1987) and Bureau of Labor Statistics (1993) .
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Although the observable characteristics (education, age, gender) explain only a small proportion of the total variation in wages, the unobservable characteristics get little attention in the standard approach to calculating indices of labor quality. A notable exception is Abowd, Lengerman and McKinney (2002) who calculate the distribution of unobserved characteristics for the period 1992 to 1997 in U.S. data. They succeed in explaining a very large portion of the total variation in wages and attribute substantial variation to individual and employer heterogeneity.
In this paper, we add to this literature by examining the contribution of shifts in the unobserved characteristics of workers to the index of labor quality in Switzerland. The unbalanced panel data set covers the years 1991 to 2006. While the presence of the incidental parameter problem prevents us 1 from estimating the individual heterogeneity consistently, we can estimate it for the average individual effect of a worker group. Based on these results, we calculate an index of labor quality that accounts for shifts in the distribution of observed and unobserved characteristics. We examine whether the standard indices of labor quality are robust to these extensions. Moreover, we compute the first-order partial indices proposed by Jorgenson et al. (1987) and examine whether the standard indices identify the sources of growth in labor quality correctly.
The paper is organized as follows. Section 2 presents the methodology.
The data are described in Section 3. Sections 4 and 5 present the results and examine robustness issues. Section 6 concludes.
Methodology
This section first develops the methodology for calculating the index of labor quality, where shifts in the distribution of unobserved characteristics are taken into account. We then describe how the contribution of these shifts to growth in labor quality can be identified.
Calculating the index of labor quality
The methodology for calculating the index of labor quality is based on the assumption that the productivity of individual workers is reflected in their wage rates. Following the Bureau of Labor Statistics (1993), the calculation can be separated into two steps. First, earnings equationsà la Mincer (1974) are estimated, and predicted wages are calculated for each individual based 2 on these estimates. Second, individual labor qualities are aggregated based on the methodology proposed by Jorgenson et al. (1987) .
We assume that the data generating process for the natural logarithm of the real hourly wage rate q is given by
where i refers to the individual and t refers to time; α i and δ t represent vectors of binary variables that capture unobservable heterogeneity in the dimensions individual and time; and X i,t is a vector consisting of dummy variables for worker characteristics and a constant. Given the large number of individuals, estimating (1) would cause an enormous loss in degrees of freedom and would aggravate multicollinearity problems among the regressors (Baltagi, 2001 ).
Therefore, we use the "within" estimator:
where ln q i = 1 T i t ln q i,t denotes the average labor quality of individual i. The averages X i , δ and ε i are defined analogously. Since the data set is an unbalanced panel, the number of observations per individual, T i , is varying.
The "within" estimator produces consistent estimates regardless of potential correlation between explanatory variables and unobserved individual effects.
2
Following the Bureau of Labor Statistics (1993), Aaronson and Sullivan (2001) , and Schwerdt and Turunen (2007) , we estimate (2) for men and women separately to account for differences in the returns to characteristics.
Furthermore we estimate (2) separately for the various education classes because the education attainment does not change after age 25 for most individuals. This gives a total of ten panel equations (2). With the gender and education characteristics dealt with in this way, X i,t consists of a constant and dummy variables for groups of age, where age is used as a proxy for work experience.
Given the estimated parameters β and δ t , it is possible to recover the individual intercepts α i :
These estimators are consistent if the number of observations per individual, T i , approaches infinity. Since this condition is not met in our data set the presence of the incidental parameter problem prevents us from estimating the individual intercepts consistently. 3 However, while consistency is not given, the parameter estimators are unbiased, implying that E[ α i ] = α i (Hsiao, 2003) . Consequently, we have
where µ i is independently distributed with mean zero. Given that the number of observations per worker group j can be assumed to approach infinity, it is possible to estimate the worker group specific intercept unbiased and consistent:
Since lim
, it is possible to calculate predicted wage rates as
Next, the predicted wages are used to weight the hours worked. The aggregation follows Jorgenson et al. (1987) . Assuming a standard translog aggregator function, the growth rate of the quality-adjusted labor input can be calculated as
where h j,t denotes the number of total hours worked by group j, and s j,t is the share of labor compensation of group j in time t. Finally, the growth rate of labor quality is computed as
where H t are total hours worked in the economy.
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Identifying the contribution of shifts in the distribution of unobserved characteristics
To examine the effect of shifts in the distribution of unobservable characteristics, we can recalculate the index of labor quality based on predicted wage rates which do not include the contribution from the average of the unobserved characteristics, α j . Thus, we have
The modified index is calculated based on (2) and (7) to (9). In what follows, this modified index is labelled identification index while the index derived in Section 2.1 is labelled benchmark index. The difference between the benchmark index and the identification index provides a measure of the contribution of shifts in the distribution of unobserved characteristics to the index of labor quality.
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Based on the same framework, we can decompose the index of labor quality into the partial indices for education, age and gender (and their combinations). As described by Jorgenson et al. (1987) , the first-order partial indices capture the substitution between the categories of one characteristic.
The indices are calculated like the total index, except that the worker groups j are formed by only one characteristic instead of three.
Notice that the partial indices for education, age and gender will be biased, if they are calculated based on the model with (6), instead of (9).
This reflects the fact that the contribution of shifts in the distribution of unobserved characteristics is captured by the partial indices of the three observable characteristics in this case. The partial indices will be more affected the stronger the correlation between the observed and unobserved characteristics.
Data
The data are taken from two sources: the Swiss Labor Force Survey and the Work Volume Statistic. The Federal Statistical Office (FSO) kindly provided us the micro data from these two statistics. The two statistics can be characterized as follows:
• The Swiss Labour Force Survey (SLFS) is a household survey conducted every year between April and June since 1991. The survey is representative for the permanent resident population aged 15 and older.
It is based on a sampling of 33,000 households (16,000 before 2001)
where each randomly selected household is interviewed over the phone five years in a row (for more information, see FSO, 2007a ).
• In the benchmark calculations of labor quality, three worker characteristics are considered: education, age and gender. There are five categories of education ("minimal school level", "apprentice and vocational school", "university entrance certificate", "higher vocational training", "university degree"), five age groups ("15-24", "25-39", "40-54", "55-64", "65 and more") and the two genders ("male", "female"). For some calculations, the number of categories is expanded (see Section 5).
Results
Based on equations (2), (3) and (6) to (8), and the data described in Section 3, we can calculate the labor quality index which accounts for changes in the distributions of observed characteristics (education, age, gender) and unobserved characteristics. 
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There are two possible explanations for the robustness of traditional labor quality indices to the adjustment for shifts in the distribution of unobserved characteristics. Either the impact of these shifts is not large, or the substitution between the worker classes considered captures the effect of these shifts reasonably well. To assess which of these two explanations is valid, we calculate the identification index described in Section 2.2. Figure 3 shows the identification index together with the benchmark index. The identification index grows by 4.7% from 1991 to 1996, corresponding to an average growth Figure 4 further shows that the labor quality growth caused by the substitution between men and women is identical in both cases.
Robustness
This section examines the robustness of our benchmark results with respect to alternative assumptions. The results are presented in graphs. The benchmark series are given for comparison.
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Inclusion of additional worker characteristics
The benchmark index assumes that allowing for substitution between the worker groups formed by education, age and gender is sufficient to capture all changes in labor quality. In order to test this assumption, we use two additional characteristics to form worker groups: the economic sector and the employment status. We consider three different sectors ("primary", "secondary", "tertiary") and two forms of the employment status ("full time", "part time"). To prevent the number of worker per group from falling too low, the effects of these additional characteristics are examined separately.
Benchmark Sectors Expanded
Part-time Expanded 
Definition of the workforce
Our benchmark calculations are based on the stock of employed persons.
We have excluded self-employed, apprentices and family-workers from our sample, because the assumption that the wage rate reflects the marginal product of labor is questionable for these groups. The results of calculating the benchmark index for all workers (including self-employed, apprentices and family-workers) is shown in Figure 6 . The difference accumulated over 15 years amounts to 0.5%. This is a modest difference, and therefore we Employed All Workers Firm-Effect Correction Figure 6 : Index of labor quality: definition of workforce expanded and correction of firm-effects 5.3 Firm-specific effects Abowd et al. (2002) argued that the organizational structure and the management skills of a firm cause differences in productivity and wages. Since these effects are not caused by the quality of labor, equation (1) should be estimated including a firm-specific intercept. Because our data set does not provide information on firm heterogeneity, this cannot be done. In order to test the robustness of our findings to this inaccuracy, we reestimate (1) with dummy variables for the twelve economic sectors as instruments. The index of labor quality based on these estimates is shown in Figure 6 . The difference to the benchmark index is small, implying that the correction for firm-specific effects does not have a substantial impact on our index. This is in line with the finding of Abowd et al. (2002) , who show that most of the wage differences are caused by individual heterogeneity.
Conclusion
In this paper, we have presented a methodology that enables us to calculate the growth of labor quality if shifts in the distribution of unobserved characteristics are accounted for. We find that the average growth rate of labor quality in Switzerland between 1991 and 2006 is 0.46pp. This is similar to the rates that result from applying the standard methodologies proposed by Jorgenson et al. (1987) and the Bureau of Labor Statistics (1993) . This implies that policy implications based on the standard indices are valid, even though the methodology entails a bias.
The results differ in respect to the sources of growth though. We show that a large part of the growth in labor quality can be attributed to shifts in the distribution of unobserved characteristics. Consequently the impact of changes in education and age is diminished substantially. The contribution of gender is not affected. This implies that the interpretation of unadjusted partial indices is questionable.
